Substrate selection by RNA polymerase from E. coli. The role of ribose and 5'-triphosphate fragments, and nucleotides interaction.
Steady-state kinetic studies of the rifampicin-effected abortive initiation of transcription by E. coli RNA polymerase (EC 2.7.7.6) on the A1 T7 phage promoter were carried out with the use of ATP, UTP and a number of their appropriately modified analogues. The kinetic parameters KiA, KmB, Ki and KsB characterizing the affinity of the substrates and inhibitors of the reaction to the initiation and elongation sites of the enzyme:promoter and the enzyme:promoter:nucleoside triphosphate complexes were determined therefrom. Their comparative analysis indicated that 1) the triphosphate chain of the initiating purine nucleoside triphosphate interacts with some protein acceptor groups through the alpha- and beta-phosphate residues; the phosphates are engaged in binding of nucleoside triphosphates at the elongation site in the absence of the primer nucleotide; 2) the ribose 2'-OH of the elongating nucleotide, but neither of the ribose hydroxyl groups of the initiating nucleotide, participate in substrate recognition by protein receptors; 3) either substrate, ATP or UTP, bound to the initiation complex increases by about the same factor (greater than or equal to 10) the affinity of the other to its binding site; 4) the 3'-OH of the primer nucleotide and the gamma-phosphate of the elongating nucleotide are involved in the synergistic interaction of the substrates; alpha- and beta-phosphates of the elongating nucleotide, bound to some protein receptors, also contribute to this process. It is postulated that the interaction of substrates is mediated through an Mg2+ ion, known to be required for binding of the substrates in the elongation site, and a minimal molecular model of a PuoTP:Mg (II): nucleoside triphosphate chelate complex in the catalytic centre of the transcription initiation open complex is proposed.